We investigate the time-evolution of a charge qubit subject to quantum telegraph noise produced by a single electronic defect level. We obtain results for the time-evolution of the coherence that are strikingly dierent from the usual case of a harmonic oscillator bath (Gaussian noise). When the coupling strength crosses a certain temperature-dependent threshold, we observe coherence oscillations in the strong-coupling regime. Moreover, we present the time-evolution of the echo signal in a spin-echo experiment. Our analysis relies on a numerical evaluation of the exact solution for the density matrix of the qubit. PACS numbers: 74.78.Na, 03.65.Yz The unavoidable coupling of any quantum system to a noisy environment leads to decoherence. Understanding decoherence is interesting for fundamental reasons (the quantum-classical crossover, the measurement problem etc.), and is essential for achieving the long dephasing times neccessary for building a quantum computer and other applications. The paradigmatic models in this eld (Caldeira-Leggett and spin-boson model [1, 2, 3, 4, 5]) usually consider a bath of harmonic oscillators. In that case, the bath variable coupling to the quantum system displays Gaussian-distributed uctuations. This feature aords considerable technical simplications, while these models are faithful descriptions of real environments like the vacuum electromagnetic eld or the harmonic crystal lattice. In other cases (like electronic Nyquist noise in a bulk metal), these models represent very good approximations. This is a consequence of the central limit theorem, applied to the sum of contributions from many independent non-Gaussian noise sources. The approximation nally breaks down when one couples strongly to a few noise sources. This situation is becoming more prevalent nowadays, as one studies the coherent dynamics of nanostructures. The coherence times of solid state qubits are often determined by a few uctuators [6, 7, 8] .
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This challenge has given rise to a number of theoretical studies of qubits subject to uctuators producing telegraph noise [9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19] (and other non-Gaussian baths [20, 21, 22, 23, 24, 25] ).
The most straightforward but realistic fully quantummechanical model consists of a single level tunnel-coupled to an electron reservoir [26] .
Grishin, Yurkevich and
Lerner recently studied the long-time limit of this model and derived the dephasing rate for a qubit coupled to such a uctuator [10] . They found a striking non-analytic dependence of the dephasing rate on the coupling strength and temperature. In the present paper, we take up the same model, which may reasonably be termed quantum telegraph noise, now asking for the full time-dependence.
We nd that in the strong-coupling regime (beyond a certain threshold) the monotonous decay of the qubit's We are able to fully include quantum uctuations, by a numerical evaluation of the exact solution for the quantum model, and we discuss the behaviour at low temperatures. We conclude by showing how to extend these calculations to spin-echo experiments, relevant for coherence control.
Model. We study a single, spin-polarized impurity level ( Fig. 1(a) ), tunnel-coupled to a (non-interacting) electron reservoir:
Hered
† creates an electron on the impurity level of energy ε 0 , and t k is the tunneling amplitude to the reservoir level k, of energy ε k (we x the reservoir's chemical potential as µ = 0). Below, we always refer to the tunneling rate γ = 2π k |t k | 2 δ( k − 0 ). The uctuating impurity chargeQ =d †d couples to a qubit, and the full Hamiltonian is given by ( = 1, k B = 1)
arXiv:0805.0962v2 [cond-mat.mes-hall] 25 Jun 2008 whereσ x,y,z are the qubit Pauli operators, ∆ is the qubit level spacing, and v is the qubit-uctuator coupling strength. The coupling considered here leads only to pure dephasing and not to energy relaxation in the qubit. This is a popular and realistic model when discussing the decay of quantum information during storage.
We are interested in the full time dynamics of the reduced density-matrixρ(t) of the qubit, after preparing it in a superposition state and switching on the interaction with the uctuator. Since the interaction,Ĥ int = v 2Qσ z , commutes with the qubit Hamiltonian, only the odiagonal elements ρ ij are aected (i, j ∈ {↑, ↓}), acquiring an additional coherence factor D(t):
Classical telegraph noise. We rst review the classical limit for the bath, where the charge Q(t) is a stochastic process of the telegraph noise type [27] , which ips randomly between 0 and 1 (occuring with equal prababilities) at a rate γ. This corresponds precisely to the high-temperature limit of the quantum model discussed here (see below). For a given realization of Q(t), the Schrödinger-equation yields a superposition of the qubit's eigenstates with a random contribution to the relative phase, ϕ(
The noise average yields the coherence, D(t) = e iϕ(t) .
If the phase were Gaussian distributed, then the coherence would be determined by the variance of ϕ: e iϕ(t) = e i ϕ(t) − δQ(t)δQ(0) = 1 4 e −γ|t| , with δQ(t) = Q(t)− Q(t) . The interference contrast of any observable sensitive to the relative phase between the qubit's levels is reduced by the factor |D(t)|, which we will term the visibility. Fig. 1(b) shows |D(t)| for dierent couplings v. Coherence oscillations appear when v > γ, as δ becomes imaginary.
These are qualitatively dierent from anything observed for Gaussian noise, where D(t) cannot cross zero. The long-time decay rate of |D(t)| is equal to [10, 29] . Here we implement a variant of a formula known from full-counting statistics [30, 31, 32, 33] , which can be evaluated numerically eciently. Given arbitrary singleparticle operatorsÂ,B andĈ , and their second quan- 
HereĤ B andQ are the single-particle operators corresponding toĤ B andQ, andn = f (Ĥ B ) is the single-particle equilibrium density matrix, where f (ε) = (exp(βε) + 1) (Fig. 2) , we observe a transition to a non-monotonous behaviour as a precursor to the visibility oscillations, in contrast to the classical limit discussed above. Moreover, zeroes in the visibility develop only at a larger coupling strength v q c , which depends on temperature T . Another notable feature is the non-monotonous evolution of peak heights for v/γ 2.7, unlike the classical case.
To illustrate these points, we have plotted the time- Temperature-dependence of strong-coupling threshold.
As explained above, the visibility oscillations are a genuinely non-Gaussian eect.
We characterize the on- 
whereÛ ± is the single-particle evolution operator. In Conclusion. In conclusion, we have studied the decoherence of a qubit subject to quantum telegraph noise.
We have calculated the time-evolution of the coherence and found a strong-coupling regime with an oscillatory time-dependence of the coherence that cannot be mimicked by any Gaussian noise source. We have characterized this regime via the appearance of the rst zero in the time-evolution of the coherence and summarized the result in a phase-diagram. Moreover, we have presented the time-evolution of the echo-signal in a spin-echo experiment and compared it to the coherence. Straightforward extensions of the formulae presented here may be applied to discuss the eects of more sophisticated pulse sequences [39, 40, 41, 42] which are relevant for protecting quantum information storage.
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